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Declining Blood Lead Levels

and Cognitive Changes

in Moderately Lead-Poisoned Children

Holly A. Ruit, PhD; P2ty E. Bijur, PhD; Morr: Markowitz, MD; Yeou-Cheng Ma, MG: John F Rosen, MD

Objective.—~To determine whether chelation therapy or biochemical changes
during a lead-lowering iniervention was dssociated with changes in cognitive func-
tioning of moderatety lead-poisored children. it was hypothesized that cognitive
performance would improva as blood lead ievel declined over time.

Design.—Short-term intarvention study with measures obtained before and af-

Sefting.—Hospital speciaity dlinic and university ressarch center.

Patients.—A total ¢f 154 praviously untraatar rhidmn referred to ¢finic with
bicod lead leveis between 1.21 and 2.66 wmot (25 and 55 ug/dlL) at tme of ene
roliment, Ages ranged frem 13 to 87 months,

intervention.—Enrolied children were treated with edelate calcum disodium
(EDTA, ¥ eligible and/or with orally administered iron suppiemenx if iron osficient.
For ali chiidren, housing nspections and abaternent procedures were performed as

Main Qutcome Measures.—Score 0n Bayiey Mental Development Scale or
Stanford-Binet Intsligence Scale (3th edition).

Resulits.—There was no effect of edelaiy vaitiurmn gisodium Teatment per sa. in
the short tarm (7 weeks), changes in biood lead leveis were not reiated 10 changes
i cognitive scoree. In tho long term (6 montha), hewever, changes in perfounm e
were significantly related to changes in bicod lead level, gven after controliing for
confounding variables. The standerdized coorg increaced 1 paint for every
decrease of 0.14 umolL (3 ug/dl) in biood lead level.

Conciusion.—The results suggest an assnciation hatwean decreases in blood
lsad level and cogntive improvements in maderately lead-poisoned children.

(JAMA 10096001641-1618)

THE EFFECTS oflowtr maderatelov-  that even low levels of lesd affcet chil

els of lead onthcbnhmdeogxﬁﬁve
functioning of children has become an
important research issug In the last 20
years. Although the iswue in @ complex
ono,! datu have accumuiated suggesting
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dren’s porfarmance on standardized
avaluations of cognit:ve functioning, The
numerous cross-sectional studies todate
converge oa a utrong conclusion that

Tom seamples nhaw the general aize of
theassociation. Neodleman et 1l report-

od that

praximstaly 4.5 points lower for achool
children with moderately high deatine
Jead levels than for children with low

Cugritves £k g3 I Leao-Pomoned Chikireneeriutt o af

__

test scores ware ap-

lentine lead levels. Fulton et al* found a
3.8-point difference in scores on the Brit-
ish Ability Scales between their highest
and loweat bloed lead (BPb) groupe
(range. 0.14 to 1.64 umol/L (3 to 34 ng/
dL}). The usacciations observed in these
studies remained significant when an ar-
ray of appropriate covariates were ac-
cuunted fur, aithough this was not neces-
sarily the case i other studies.

Ses aiso pp 1814, 1847, and 1679.

In the past decade, these cross-sec-
tional studies have been supplesnenued
by & number of layge prospective stud-

-1 in which axprimre tn lead in ntem

and later neurobehavioral functioning
have been investigatad.*"! The investi-
gators in such studies gathered infor~
mation about the timing and extent of
the expoaure aa well as about many oth-
er important social factars that affect
neurchehavioral development. In many
of these studies *5* but not all,* there
has boen 8 significant negative associ-
ation between prenatal exposure to lead
and early neurobehavioral funetioning
after control for rclovant background
fuctors. The relationship of coguitive
functioring to prenatal exposure seems
t0 diminigh with time’*% but may be
mplaudbymumbetwmpab-
natal exposure pertor-
manoe. Mcmchul ot al) for exsmple,
frond that a cumulative index of post.
natal lead exposure was reiated to scores
on the McCarthy Scales at 4 years of
age. Bemngentd* found that MeCar-
thy General Cognitive Index st 4 to §
years of age was not related to the groups
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stratificd by prenatal lead level but was
related tc lead ievels at 2 years of age.
TRese investuys.urs have not ducument-
ed a 3ignificant association between con-
current RPh levels and perfarmence in
the first few yaars of iife after poential
confounders were taken into account:
the significant sssociaticns seem o be
between performance and either cumu-
lative or prior BPU levals.

There are a number of difficulties with
trying :o isolate rha causal offucts of
lead from other rotential influences.! Me-
ta-analyses® cannot address che issue of
causation, and aithough rmany recen:
studies have involved a careful consid-
cration of ennfounding varisbles. Lhe con-
trol for these variibles 18 necessarily
imperfect. The critical process of ob-
taining convergent evidence requires
that observaconal studies be supple-
mentea by studias in which lead level is
specifically manipulated. Investigations
of primates oystcmatically exposed tu
lead demonstrate that there are small
but sigruficant eifects of low to morar-
ate levels of iead on behavior. 2@ Al.
though such stucies carnot be conduet-
ed in humans, 1t is posgitle to examine
the correlatesof decreasing Jeud burden
as 2 result of intorvention in children.

Very few studies of the effects of che-
lation Crestment on neurcbehavioral out-
comes have been conducted, but two
earlier studies by David and col-
leaguws’™™ provide suggestive cata.
They found that the parent and teacher
ratingx of hyperactive children with a
histary of lead toxicity improved after
12 weeks of treatmant with an oral
cheiating agent. However, these invag-
t{gators did not address the issue of glc-
bal cognitive chuugws, the man outeome
variable in othor studies, and the num-
ber of suhjerta wan smuii. Therefors,
the current report invoives araiyses of
dats from a iarge study of neurobehav-
joral funetioning in children who were
subject to systematic medieal and en-
vironmcntal intervention Lecuuse of
moderately high BPb levels,

In a previous article from tha current

‘study® it is suggested that chelation

trestment with edatate calcium disodi-
urz (EDTA) was not significantly ro-
lated to changes in BPb values. Levels
o{BPbdomcdinbothgrwpaofchﬂ-
dren regardless of chelation therapy dur-

mnheeonneofmmdy mdthm
was rable interindividua! varix-
tion in the amount of ch For this
article, we analyzed the of ede-
tate caleium disodium chelation traat-
mem?, hut more emphasis was placed on
change in BPD level regardless of the
reason for the change. The goal was to
examine tke rvelationahip between
changes in BPb level and changes in
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performarce on standardized sssess-
ments of cogmitive furctionng. Because
we examinec both short-term (7-weex)
and long-term (€-month) changes, we
were alle €0 #xamune the concurren:
va curuiative etfecta of declining BPb
levem

METHODS

'I'ne study involved two forms of med-

ical intervention: (1) chelation trestment
fer an excestuve Ludy burden of lead as
defined by th2 urinary excretion of lead
during an &-here odetate caicium dizo-
drum lesd mobilization test (LMT)®*
conducted on ali enrolled children at time
1; and (Z; wror. supplementazion for chil-
drer. who were iron deficlent or de-
platod (fcrritin level, <168 uyfL). Irun
w4l important for theoretical as well as
¢iinicl reasons beeanss it is potentially
both & cunfounder and a mediator of the
offecta oflead =2 Children were errolled
in the study If thewr 8Hb levels at the
t'me of earolment wore between 1.21
and 2.66 wmoV/L (25 and 88 ug/dL), and
their erythracyte protoporphyrin (EP)
leveis were greater than 0.65 wmol/L.
The scudy waa approved by the local
institutional review boards, and consent
»uubudned&ommepann:sorgnm
ians of all particirating children. If the
child's LMT rosult was nogitive, ticat-
ment congisted of § dayo of in-hos, ital
administration of edetate caleium
dium,; if the child was iron daficient, an
orally administered iron stpplement was
prescribed. Tlc vausulled children could
be giver both forma of ‘roatment, nei-
ther form. ar aither nne of them sloae.
For all children, there were sequentiai
inspeetions of the hcme and largely suc-
cesstul attempts to eiiminate exposure
to lead-based paint through existing
houming codes.

The children's cognitive development
and bshavior ware avaluatad at three
sime pointg: time l—approxdimately 1
weak afler enrciiment and before the

‘reatment course was determined; time
2—approximataly .weehmrtheﬂnt
visit; and time 3—sppmmtdy (]
months after the first visit. The depen-
dent variable was the cnild's perfor-
mance on s global test of cogritive funce
tioning. Assessors were blindod to the
Lrestment atatus of chiidren and to their
BPD levels,

Sampie

The subjects of this t were 164
children selected from 196 previ-
ously untrested children enrolled in the

stody. The sclectivn criveria were as fol-
lowa: (1) complete data for BPb and EP
levels, cngritive functioning, and all
background factors except mother’s I1Q
at time 1; and (2} no gutlying values on

the main biochemics! or cognitive vari-
adles &1 tima 1. Preliminary analyses
showed that BPb level greater than 2.46
uimol/L (5] .g/dL). EP levelgreaterthar
4.1l wmotL, ferritn levei greater than
30 ug/L, and cognitive test acore greater
than 111 were statistical ousliers for ows
sample. In the SYSTAT program ussd
for thess analyses, an outlying value was
jefined aa 25th percentile scoreuiua 1.5
timea the range betwoen the 256ch and
75th percentile scores or the'(bth percen-
tile score pius 1.5 times that range. Far
oxampls, the 25th und 76th pcrcentile
scores for BPb level were 25 and 36;
therefore, cutliers were any value sut-
ride of the range between 11 and 51
‘When the short-term changes (time !
w time 2) and long-term changes (Ume
10 time 8) were analyzed, the numbers
of subjects ware redussd to 145 and 129,
respectively, because the data at either
time 2 or time 3 were incomolete. There
were 126 children with complete dataat
ail three ttmas.

Procodures

Within 1 woek after enrcilment, each
child waa seen for & battery of eognitive
ard behaviorsl tests. Only the global
test of cognitive functioning will be deait
with here. Within 3 days of this evalu-
ation, each child uuderwent s LMT and
a newly obtained blood ¢ was an-
alyzed for RPh, P, and fervitin lavels,
Based on tha resuits of the LMT, the
J\ﬂdwuatharhmpmnzedfans-day
course of treatmant or did not receive
treatment.® An orully administered iron
supploment (6 mg/kg per day) was pre-
scribod if indicated, and a housing in-

was eonducted for all children.
xeept for tha LMT, which depended
on current BPb lével, this process was
-repeated approximately 7 weeks (ater
whether or not the child had been hos-
pitalized for cdctato ealaum discdium
chelation treatment and again approx-
imately 6 monchs after enrcilment. The
cognitive and biochemical measures
were therefore clogely linked jn time.

Messures
The outcoroe moasure was a global

index of cognitive functioning. Because
of the age range of the children, it was

naceasary touse two testa. For
the younger and the more immature ald-
er childven, wo mbhnkiiyiered the Baylay
Sealos of Mental t.% Tha

Bayley isnrandandired for children aged
30 months and younger and yisids a gin-
gle score, the Meatal De In.
dex. The other tost, the -Binst
Intelligence Scale (4th odition),® ylelds
s comaposite 1Q score. Doth tests pro-
vide standard scores with a mean of 100
and an SD of 18.

Cognitive Channes N Laad-Anevinan hildren-—Ruft o al




The Stanford-Binet is intended for
childran aa yoing fe 2 yeurs of age out
was too difficult for many of the children
in gur sample. Therefore, we adminiu-
tered the Bayley to 24 children who were
older than the standardization sampia.
Theac children were not at e ruw acore
ceiling of the test even on their lasg vis-
it. In the absence nf nowms for children
older than 80 months of age. wa exti-
mated Mental Development Index by
subtracung ¥ Menta! Developrent In-
dex pointa from the 30-month norms far
every month over J0, our OWn ex.{up~
olation from the relazionship of raw
scares ard standardized reores hatween
24 to 30 raonthas of age.

Because of this use of the Buyley, the
wide age runge, and the tact that 40% of
the tests were administered in Spaniah,
weo estimatad the rcliability of the tests
in our gample by correlting the giobal
cognitive scores at tima 1 with thore ar
time 2 and controlling for age at ume 1,
the presence of edetazq caicium disodi-
wu clieladon creaungnt hetwean the two
visits, and iron status gt tima 1. The
raliability coafficients by particularteav
and language of administration were all
reasonabiy high (.73,.71, .83, and .79 for
the English Bayley, szuush Bayley, En-
glish Stanford-Binet, and Spanish Stan-
ford-Binet, respectively). The corraia-
tions for separate age groups were .74,
.19, and R?2, reepectivaiy, for the chil
dren aged 24 months and younger, the
children from 25 through 41 months of

and children older than ¢1 months
age, Within the middls age group, the
children were cither adminiaterwd the
Bayley at all times. the Stanford-Biret
at all times. or switnhed from the Bay-
ley to the Stanford-Binet if their fanc-
tioning warranted it The reliabilities
for these supgroups were .73, .53, and
71, respectively.

The indcpendant variables wetw cals
egorical when the effects of chelation
treatment ware tested and eontinnnus
when the relstionahip between hiocham-
ical and cogritive changes waa tested.

" Blood lead level (Y% contidence iimit,

<0.06 wmnol/L (1.0 ug/dL]) was measured
by graphite furnaco atomic shsarption
spectroscopy.®® The EP level was de-
termined bg“f;he extraction method of
Plomelli. 'aboratory purticipates
successfully in the profciency testing
prograus vl New York, NY, and the
Centars for Disgase Control and Pre-
vention, Atlants, Ga Forritin was mea
sured by radioimmunosassay. The
intra-asasy and (nterasss: dy coefficlents
ot varigtion were 3% and 4%, respec-
uvely"Femtinlevehwmmnngat
comc time pointa for eight uhildeen
whose dats wers otharwise completa.
To replace these missing data. we ve-
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gressed ferritin ‘evel on age and uged
the resulting valucato estimate rddsing
farritin values.

A sat of bacsground varinhics served
a8 covariates irthe analyses. Thage in-
cluded age, sex, irth order. hcusehold
$i%8, $0CI08CONOITIC STaLUS, KCOrE On the
Caldwel: HOME invenory, the nymper
of prenatal complications, the number
of perinatal ccmplicarions, ang the lan-
mago of teat administration (Spanish/
English). The language variable was
strongty related to race because mast of
the aample chlidren were either Hlack or
Hispanic, but it was more strongly re-
lated to the other varisbies than vace.
Age, sex, and language of test admin-
istration were kept as meparata vari-
ahles, The other variahles were reduced
by s principal components analysis; on
the banis of the factor lcadings, HOME
score and socioeconomic statca were
tandardized and udded, ao were birth
order and household size; the number of

prenatal and perinatal complications
were simply added to provide a single
index of complications. Becaune all po-
tential covuriales wery reisted oo either
the cognitiva or biochemical variables,
we uaad all nf the varisbies in the re-
duced set as covariates in subsequent
analyses. Maternal IQ* was tested sep-
arately as a covariate beesuse there ware
more missing data for this variable, but
it never diminished the relevant efflecty
and will not be mentioned further.

Anatyue Strategy
‘We used repeatad measures analysia
of variznes descrtptively to detarmine
whaether changes in mean lavels of the
bioshomical and cognitive variables over
time were significant. In dealing with
the effact of edetate calcium disodium
chelation treatment an cognitive wndex
(CI), treatment with edetate calcium di-
sodlum was entered as a cstegoncal in-
dependent variable in an analysis of co-
&:‘m’ with ;rix.ua.l CI controlled for:
is an example o "regruudcmngé
and {s prefersble 1o a aimpie lm.lyr.s of
variance of change.? Because of the wide
age range and the relationahip of age to
the Livchmnicsl vuriables and the CI,
age at time 1 was included in al equa-
tinna. The effect of iron supplomenta-
tion and its interaction with chelation
treatment were alao tested. For the
short-term snd some long-term analy-
ses, all children were coded as either
treated or untreated; nunibes uf reai
ments was {gnored. For other analyves
of long-term effecta. the children wha
Were never traatad were compared with

thoss who were treated only once be-

tween time | and time 2. For the final
analynes in each case, all covaristes were
entared bessuse no interaotions botwoen

the covarisles and treatment were
sigruncant.

For the main ana’yses, we examined
regresacd changs in CI in relation to
cranges in BPb level during the study
period. A3 with the wnul of covari-
ance, thedependent variable was change
in CI: the major independent variable
was change in BPb level with cunlrul fur
age, the initial level of BPb, and initial
CI. Possibls intsrastinns Mwun age
and change in BPb leve! were tasted, as
were possible interactions between ini-
tial BPb level and change in BPb level.
In the next step, change in ferritin level
was entered a3 a covariate and potential
confounder. {n the third and final stap,
all covariates ware antared ta detere
mine whather the observed effect wus
atill present. Interactions botween the
covanates anud change in BPblevel were
tested but found to be nonsignificant.
Significant cffccta weve tested for the
effects of individua!s with undue influ-
ence; none wears foung.

RESULTS

The age of the children in the sampie
at the firut visit ranged from 13 to 87
montho. The children wera almosy all
either biack (37%) or Hispanic (58%),
and 57% were boys. Sociveconomic sta-
tus ranged from & to 60 an the 4-factor
Hollingshead scale where 60 is the max-
tmum; the median was 17. In terma of
early history, 53% had at least two pre-
natal or perinatal vomplicstione. Thoso
data suggest that the sample consisted
of children who were disadvantaged and
at risk for developmental delays. Not

, therefore, the median score
un eillier Uw Bayley Scales of Infant
Development or the revised Stanford-

_Rinat at rime 1 whu 79.5, with 1 range
from 47 t0 111; the modian maternal 1Q
as meesured in 128 of the mothers was
39, with s range from 67 to 120.

The BPb levels of the sample at time
1{1 weak after enrolhneut) rauged {rvin
0.63t02.22 umol/L (13 to 46 pg/dL) with
a median RPh laval af 1.48 . mol/L
(30 pg/dL). The EP levels ranged from
0.51 to 4.12 umol/L. with a madian EP
level of 149 pmolVL. Merritin leveis
ranged from 2 to 49 ug/L; 60 (39%) of
tho 154 children were iron deficient and
trested sccordingly. Of the 154 children,
93 (60%) were not eligible for trestment

with edetats calcitim disodium while they
were in the study: 85 (23%) were treat.
ed only once; 19 (12%) ware treated
twice; and seven (6%) were trested at
all three time points. Only 14 (0%) of tho
children were treatad with both iron

and edetate ealeium disodium at time 1.

An of the analyses reported herein
were alao performed with EP levelasan
independent variable. Thoee auulywe ivd
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Lo similar inferences as the analyses with
BPb level, and there was na evidence
that EP level was independently asso-
ciated with cognitive functioning. There-
fare, we report only the findings for BPt

The first question is whether BPb or
ferritin level was rejated to the CI at
time {. The CI at time 1 was regreased
on age ind eithayr BPb or forritin lavel
(Table 1). Blood lead level was not re-
lated to the CI at time 1, und there was
no interaction between BFDb ieval and
age or the particular test used. In con-
trast, copuilive perfuruause wuas sig-
nificantly related to ferritin level aven
with the addition of tha set of back.
ground factors (partial corvelation, 2€};
there were no interactions between ror-
ritin level and age or the particular test
used. As can bg geen in Table 1, every
microgram: per bter increase in ferritiu.
level represents about 0.3 pointa in the
(1. There was no intaraction hetwaen
BPb and ferritin levels.

Table 2 presenta the mweans of the
biochemical variables and the CI for the
128 children wko provided data at all
three dme points. Blood lead levels
decreased gignificantly. Ferritin leve:
increwsed significantly, but the sepa-
rate means for the iron-sufficiont and

iron-deficient children showed that
farritin lavels increased signiﬁﬂuntly
only for the children who were deficient
at timg 1,

_‘Vhe mean Cl increased to 2 a?:g l:u;
signifieant degrea over time.
also shows Lhi¢ results sepwrstely for
thoss children given the Bayley or the
Stanford-Riner. at all three time pointa.
‘The children given the Bayiey changed
very little while the others improved.
Sines, by daefinition, these two groups
differed in age, a repeated measures
analyois of varisnce using the data rom
ke entire group was used to test the
effects of age on the maan . as well as
on changes over time. Younger children
not only had lower scores overall, F (1,
122)=3.8, P<.06, but there was a s)gnif-
icant interaction betwgen age and
change ovar time, with the acorca of the
youngest children declining and the
gcores of older children increasing, F (2,
244)=75, P<.01l. In disadvantaged
groups of children, it {3 not uncommou
W aow & Uvwnwurd trend in Montal De-
velopment Index around 2 years of
age.? The increaus in mean soores from
time 1 to time 2 chserved in the older
children may be due to warm-up or
practice effects.

Tha Effects of Edetate Calolum
Disodium Chelation Treatment

Tranrad ehildren ware on avernge 8
to 9 menths older than untreated chil-
dren. In analyses of covariance with age
and ipitial Cl controlled, the main cffoct
of edetate culcinm disodium trestmen:
aa nonsignificant betweea time 1 and

TANR 1 exlaiadnrmmn o C2rnitive index (Cl) lo Siochemicsl Varlables at Time | (ne154)®

. |
incopendent Varisblet Covartowse Can”:-n Cralfiriant P o
icod lead level Age sorw T 8 13 50
AQe plus 38i 0! background isctne = 047 ke
Forrtin loves Age 0 st <401
Age plus et of Dackyroung e ) 304 )
*Trs 1 ocQurred agproximetely | wask BREF S1V0LMONt 830 DE/OME PaNRENt C2LUMS was dotermined.
1The dooendent vanabie squais the Ci at ime 1. The baaic ragrassion equation ts s kiows: Ct » Conatant »

Age « Blood Laad or Ferrtin (« Buckgrenswi Farwm)

time 2 with and without other back-

grooma fa.earg controlled. F(1, 1%6)<1.0,

P= 48, Tte effect of edetate caicium di-
sodium treatment in the long term was
alsa norsignificant, F(1,120)< 1.0, P=.94.
1n addition, the unchelated children were
not diffateut i Line lung Lero from those
who wera chejuted only between time 1
and time 2, F(1,98)< 1.0, P=.7R. In nana
of these cases was there any evidence of
an interaction between edetate calcium
disodium treatent and {ron supp.emen-
tation. Table 3 presents the mean Cls
for these three comparisone. Bimple, un-
adjusted analyses of variance yielded
the same resuita.

The Relationship of Behevioral
Changee to Blochemioal Changocs
The central question of this report
theeefore is: In what wuy were cognitive
changes related to changes in the bio-
chemicul variables, particulariy BPblev-
¢l? In the short term, the change in Cl
was not related to chunge in BPb or fer-
rittn concentrations. [ the long term,
however, changes in BPb leve! were re-
iated in the axpected direction to
changes in the CI from time 1 to time 3
(Tahle 4); that 8, Cl increased a3 BPb
level decreased. There were no signifi-
cant interactions between change in BPh
luved und ayw ur initiul Jevel The regres-
sion coefficlent (—.310; P=.05) incressed
ulightly when change in fasritin level and
the set of background covariates were
added (=.334; P<.06). In these
rmmmmt Clincrenses d ap-
irmately 1 pot eV ecressa
mhv!l 0.14 mnobfy@ wg/dL).
Changes in ferritin lavel were, however,
not walatad to caangen in CT (Tahla 4).
To translata these findings nto more
concrete terms, the children were di-
vided into subgroups according to the
median 1t BPb level during the
6 months. Change in BI'b level ranged
from a decreass of 148 nmol/L
(30 ug/dL) to an increase 0£0.39 umol/L
(8 ng/dL.). Children who were below tha
median (decrvases >034 pumoll

Tubz—mmdmmcamdswmcms.Qaumrmmm1m'

Mean (B0)
118 Y Time 8 Time 3 '

Blood aad ieve,

smov. 150 (0.81) 1312 1.90 (0.50) 289 (8.0 1,1600.31) R3O0

Fertun level, ot TYTE,) 208(12.9) 24.8(11.3)

Daliclers, ¥me 1 (=é2) YK 142 (78) 19.200.0%

Sumciant, We 1 (nel®) 2108 249 (10.2) 204 (12.0)
Cognitve indez 78.0(13.0) 83.1 (13.6) 20011
Oayley soare (a-30) 0.8 (19.0) 764 (14.1) 54 (15.9)
Stantord-Binet scon (nea) 83.8 (10.2) 675(10.9 ®1(1Y

*1 M8 7 COCUITEE APDINEMEINlY 1 WSk MEF SAMOHMONt ana belo/ NEIMANnt ourss Wis determined: §me £ A20rcaimainly 7 weaka after A5 vialt: 4nd M 3, Spprosimetely

6 mOnMe aNer rm visL

Wummumwmunm. P2, 288173 and #<.001.
K (2, 100)=4.7, A 008
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Table 3.—Change in Sognitive Performance According 1o Chelation Treatment Staus®

Cogaithve tndax (C1), Mean (80)

f 1
- N 1 T 2 Time 3
Shon-tem changss in Cl -
untrested (n=91) 785 (12.8) 828i12.4)
Troaton (h=$4) 79,4 (14.6) 82.8 115.1)
Long-tarm cnarges n C
Untresiss (ned0) 788 (11.4) 81.5(12.3)
Trested (rmd9) 782 (15.1) 63.8 (14.8)
Treamd once (m27) 79.8(14.5) a248(14.2)

Wosk Af\or oryOman ANG DO {FOAtMENt COUTae WA dsiermined; tme 2,

nmwnmmrmmﬁ: and tme 3, approximalely § manthe shet first visil

Table 4.—Relationship of Biocnemical Changes 10 Changos in Cognitive Performance During 6-Maonth

Podea*

indepundent Veradiet Caverietes

Ragression
Conslliuiont [

Change in BPD leved

framume 110 3 Age, Q11, BPY

WEWMFI‘M

=310 .08

With adduion of Background fectors

Age, Ci1, Fert

+Fart « Fod o

anange ir Cl frere nna 9 mme 3. Th ity
mmmu“mnummmm-c«mowow « BPOT + BPB3
Tha costficiant wouid Be ention if C13, BPD3, cna Fer warm replaced with

raw changes frcm wne 4 nmsmmmm-nm

(7 ug/dLL n=60) showed an increase of
5.4 pomts on the CL. Childrsn at or above
the median were divided at na change to
acparate the data for children whose BPL
levels did not change or actually in-
creased: the children between tha madi.
an und no change (decreases of 0.06 to
034 pmol/L (1 to 7 pg/dL]; n=58) im-
proved 3.0 paints; the group whose BY'd
levels stayed ths same or increased
{n+16) dealinod in CI by 2.8 painta, These
< patterns inraw scorechange are llustre-
tjve only but are consistent with the pre-
vious regression analyses showing an a6-
sociation between BPb level and CL

An alternative explanation of the ob-
served associstion is that a third vari-
able contributed to changssin BPb level
and was independently relsted to im-
_ provements in coguitive scores. For ex-
ample, enhanced nutritional status may
facilitate the excretion of lead and, in
patallel, be wrrelalwd wilth leveis of
alertness or attention that make it pos-
fihla for the child to benefit from re-
Beeause iron statos couid

conceivably play mch a role, we ezam-
ined the iron statua of the subgroups
described hargin. There were no differ-
ences in the proportion of cidkiren who
were iron sufficignt at the time of an-
rollment acvoss the BPh changes groupe
(68%, 60%, and 56%). In addition, when
tha children who were iron deficlent at
enroliment were compared with those
who were iron sufficlent, there was no
ovidence that a larger mean deercasc

JAMA, Aprl 7, 1980—Val 209, No. 13

occurred in BPb level during the 6
menths in the iron-safficient group (iron
deficient, BFb levels—~0.33 umolL

(-88 ug/dL} lron cufficient, BPb
level--o.SG umoVL [ -7.5 wg/dL]). Nor
was there a diffarensa in pattern of cog-
nitive change over tirae, although thare
was 2 mean difference in absoluts level
(iron deficlent, CI=75.8, £0.7, and 80.2;
iron sufficient, Cla81.4, 84.8, and 34.2).

The firat question wa addreased was
therg were any m_auo

¢helation trestment may be related to

mdmrmuﬂenﬁw,mch
t procedures in the home.

Tha fact that there was no effect of

In the sbsence of chelution therzpy, a
reduction or elimination ¢f exposure may
have led to decreases in BPb levels. Such
deercancs may have occurred for both
chelated and nonchelated children, there-
by obscuring the effect of chelation treat-
ment per se. The lack of a treatment
effect may also be rolated to the fact
that all children received & modest dose
of edetate calcium disedium during the
LMT at time 1. ln uddition, only one
outcome variable was agsessed here, and
the lack of effect of chelation on CI can-
not be generalized to other messures of
cognitive change.

Even if we hud found a significant
effect of edetate calrium disodium creat-
mmtatthbi!ﬁﬁalmmnt,it wouid
have been important to show a relation-
ship between biochemical and cognitive
changesover ume, Based on the assump-
tion that the children’s func-
tioning sl the buginning of the study
was in some way affected by eievated
RPh lavais, then decreases in BPb lov-
els, regardiess of their source, were ex-
geeud to lead to improvemants in per-
ormance on global tests of cognition.
Specifically, we expected larger de-
creases in I level to be accom
by larger increases in the CI. re-
sults s that this i the eana during

a 6-month period.
initial levels of the rele-

background factars were controiled
far, thare was an inareass of approxi-
mately 1 point on the Cl for every
decresss of 0.14 umol/L (3 ug/dL) in
BPb level Tha sise of the cbserved
reiationships of BPb level and cogni-
tive pesfucinunce iy similur w the
of the associations re-

by Bellinger et 21’ MeMichael

-ported b
et al'! and Schwartz® Althougn the

amount of variznce accounted for is
not large, it is noteworthy that & pos-
itive cognitive effect associated with
reducing BFD concehtuations was Jde-
tected in a groap of children whose
cognitive functioning eould have hann

mwgi:um:u.mam
child’s esrlier or accumulsted exposure
mummwmm
The fact that we found no re-
sults sfter 7 weeks but did so after 6
monthe suygyesls Lhat s kupruvenoots

CognIve Changes i Leec-+ononed CTuaen—Hur et ali 1648
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In cogrutive performance were also re-
luted to the cumuistive or delayed efects
of dccreasing DI'b levels,

The mean values in Table 2 show that
the CI increasad hetween time 1 and
time 2and then tended to stay the sume.
Blood lead leve: tendod to decrease moat
fromt:me 1 to tme 2 anc then decressed
very littla thereafter. Yet the relation-
ship of changea in CI to changes i.: BPL
lovel were significant over the iong cerm.
The short-term increase in mean CI may
be largely a pructice affect. » phenom-
enon that would be leas likely to ocer
during a 6-month pariod. LThe changes
hetween time | and time 3, therefore.
are probably a bettorasscssment of fun-
damental changes. In any case, over the
long term, there was considerable vari-
ation amcng the children with some chil-
dren increasing and some decreasing in
CILaures over trg, [t ia this variabiuty
that is related to varigbility in the di-
rertion and degree of ahango in BPb.

!
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ment for iran deficiency with resuiting
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of the study. The case for s contribttion
of iron treaunent 18 particularly swung,
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deficient and were tregted with iron but
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fciangy and improvement, howeves, we
found 20 evidence that increases in fer-
ritin were related to imprvemants in
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